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SOLAR RADIATION ~ A S T J ~ E I U X N T S  AT SANTA FE, 

N. IUXX., AND XAXIXA AT OT-R STATIONS. 

By HERBERT H. KIMBALL, Profemor of Meteorology. 

[Dated: Wsshlngton, D. C., Oct. 6, 1915.1 

Santa Fe, N. Mex.,is at a hi-h elevation in an arid region, 
nnd the atmosphere is generdy very clear, esce It that cu- 
mulus clouds are apt to form before midday huring the 
warm part of the year and dust storms are not infrequent 
during the fall months. There is also some snioke from 
chimneys in the vicinity of the Weather Bureau office, 
the extent of the disturbance arising therefrom depending 
upon the wind direction. 

The first solar radiation measurements a t  Santa Fe, 
N. Mex., were made by tlie writer in September, 1910, 
with Sniithsonian silver-disk pyrheliometcr No. 1. The 
latitude of the station is 35' 41' N. and the longitude is 
105' 57' W. The elevation of the pyrheliometer above 
sea level is 7,013 feet, or 2,13S meters. In October, 1913, 
a Marvin pyrheliometer of the spiral ribbon type (spiral 
No. VI) wits installed in the Weather Bureau office. A 
window fac.ing e,ast is the only esposure available for the 
pyrheliometer, so that radiation measurements are 
sl'ble during the morning hours only. While insta ing 
the apparatus I made measurements from the roof of t,he 
building with Sniithsonian silver-disk pjdidionieter No. 1 
on several afternoons. These measurements, together 
with those obtained hi September, 1910, constitute all 
the afternoon nieasurcnieiits thnt have been made n t  
Salitn Fe. 

Since October, 1912, practically all the obscrrationnl 
work has been done by the st,ation force, Mr. C. E. Linney, 
in charge, and Mr. J. B. Slotin, assistant, tlic latter making 
the instruniental readings. The observations liave bccn 
reduced a t  Washington, D. C., undcr niy supervision. 
Sta,lda.,dizat.~o,~, sf imk'u.m cnts.--AIi attenipt has been 

made to standardize Marvin pyrhclioincters by measuring 
the heating effect of an electric current of known straiigt,li. 
As so st.anclardized, however, t,heg have gencrally given 
solar radiation measurements a few per cent lower than 
synchronous measurements by Sniithsonian pyrhclio- 
meters. The final factors for reducing Marvin pyrhdio- 
meter readings to heat units have thereforc been deter- 
mined by comparisons with Siiiithsonian silver-disk pyr- 
heliometer No. 1. This latter is frequent~l~ conipnred 
with pyrheliometers in use a t  the Astrophyecnl Observ- 
atory of the Smithsonian Institution, and no appreciable 
change in its constants has been detected since its pur- 
chase by the Weather Bureau in 1910. 

Table 1 gives t.ho results of the c o i n y k m s  hatweon 
Smithsoniaii silver-disk pyrhelioni r ho. 1 and Mttrrin 
spiral Eo. VI, obtuined at  Mount. Went.her, Va., bstween 
June 8 and Au ust 24, 1912, froni which tho reduction 
factors for the harvin instrunlent were iirst deteymined. 
The same table also presents comparisons obtained at 
Santa Fe on October 26, 1912, a few days after the 
installation of the Marvin instrunlent there, and again 
on ,4pril 9 and 11, 1915. The two series of coniparisons 
obtained at  Sant.a Fe indicate that during tohe inbervening 
period the instrument underwent a change. of such a 
nature as to make the reduction factors originally cle- 
termined at  Mount Weat,her too lmge. I t  is impossible 

EOS- 

Ratio 
Smlthsoninn 

iuamln. 

to determine just when or how this change occurred. It 
is therefore assumed that it progressed a t  a uniform rate 
throughout the interval, and the reduction factors as 
originally determined have been corrected by multiplying 
by ratios uniformly interpolated for time between that 
for October 26, 1912, and the mean of those for April 9 
and 11, 1915, given in column 5 of Table 1. 

A similar change in Marvin spiral No. 1 was observed 
at  Madison, Wis., between August, 1910, and November, 
1911.' 

Mount Weather.. ....... 
hfoiiiit Weather.. ....... 
Mount Weat her.. ....... 
hrount Weather.. ....... 
?.fount Weather. ........ 
Noimt Weather.. ....... 
*anta Fe.. .............. 

IfCJUllt Weather.. ....... 

TABLE l.-ASiinmn.nry oj comparisons of Smithsonian direr-disk pyrhelio- 
nicter No. 1 mad Marvin spiral pyrheliometer No. VI.  
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Snnta Fe ................ 
Pant3 Fe.. .............. 

October 26.. ........ 
1915. 

1.451 
1. ,501 
1.3220 
1.535 

April 9. ............ 
April 9 .............. 
April 11 ............. 
April 11 ............. 
Mean. April 9-11 .... 

Place. 
Smith- 
sonuin 
No. 1. 

Gr.-Cd. 
1.302 
1.11? 
0. 961 
0. Si2 

0. Y3Y 
0.982 
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.........................I........... 

Raili.cition. r)bsCr~:Clf,iOn,8.-In Table 5 are summarized d l  
solar rltclintion measurements niede by the Wenther 
Bureau at  Santn Fe, N. Mex. An inspection of this table 
revoals only slight variations in tlie radint.ion intensities 
for ~t given air mass during any one month as conipared 
with the variations a t  stations nearer sea level and in 
a nioist.er climate. 

One notes the low radiation inteiisities obtained he- 
tween October, 1912, and -4pri1, 1913, as conipared with 
the intensities during corres oncling iiionths of the fol- 
lowing years. The ratio o F the mean intensities for 
October and November, 1912, to the means for the cor- 
responding months of 1914 is 0.S6. This is vory closely 
in accord with the deficiency in radiation intensit,ies 
measured at  Mount Weather, Va., and Madison, Wis., 
and also a t  other oints in the Northern Hemisphere, 

Table 6 shows the esistence of an annual vltriat.ion in 
raclirition iiitcnsities for a given air mass, with a minimum 
in July and August and a maximum in December. The 
ttnnud range is about twice as -reat as would be pro- 
cluced by the aniiual variation in tge earth's solar distance. 
The iiionthl means are systematmicall higher than 

Bulletin of the Mount Weather Observatory, 1912, 
5: 1S2 (Tables 2 and 3), with the esception of the means 
for January and February for Madison. During the 
sunimer months they are from 10 to 15 per cent higher. 

during these mont. P 

those publis x ed for Madison and Was i ington in the 

1 Rolletin Mount Weather Ohservotory Wsshinpton 1912 6:1i4. 
a Bulletin, Mount Weather Observatori, \Vashnlgt&i. 19i4, 62008, fig. 1; and p. 21%. 

Tnhles 1 nnd 2. 
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m=l 

Gr.-r,il. 
1.5; 
1 . x  
1. ti; 
1.1;; 
1.6-8 
1.m 
1.5 
1.5; 

-- 

[Cram-ealories per minute per square centimeter of normal surface.) 

(1) MAXIMUM OBSERVED INTENSITIES. 

m=O 

Or.-cal. 
1 .S i  
1 . G  
1 . W  
1 . w  
1 .s i  
1.s9 
1.82 
1.76 

- 

Month. 

( 8 )  XIAXIHWM INTENSITIES RLnUCED TO M E I N  SOLAR IWTARCE. 

Snntn Fe, N. Mex.. . _ _ _  I .% 

MadLwn. Wis.. ._. . .. ._. 1.44 

Mount Westher. Va..  . . 1 .32  

Washingto;l, D. C.. . ._. 

In Table 2, part (1) gives t.he highest iiooii solar 
radiation int,ensities that httve been measured at. WentJier 
Bureau stations, and in part (2)  these int,nisit,ies have 
been reduced to what, they woulil have I.wc.ii had tlic 
earth been at its mean soltw distance. The higlicst, 
niensureil intensities at  Snnta Fc are o?.)t~ainecl in t Iic fd l  
and early winter! ancl at  Madison tint1 Wil.sllingto11 in t!ie 
late winter and early s wing, althc>ugli at  \'itshii@o1i 
there is little d i f fe rence~~ot~~~eei~  t.lic. s wing tmcl 1ut.e fdl. 

there is a decided minimuni in the early part of winter. 
At Smta Fe, hhdison, and Washington, the niiiiiiiiuiii 
occurs in sumnier. 

Reduced to mean solar distance, t.he iiinsiniuni noon 
radiation intensities for Saiitit Fs show little tiiiiiud 
variation. Madison has a dec.iiled spring nii-i.xi~iuni, 
with a minimum in the f t d .  At T'irasliingt.on and IIount 
Weather, the masinium occurs at about t,he hi ie  of the 
summer solstice, rtnd the miiiiiiiuni at  thou t the tiiiic of 
the winter solstice. 

At Mount Weather there is no deck 1 et1 maximuin, but! 

TABLE 3.--diaximua~ solar rcidirrtion. intensifies corrcspondiny to certain 
zenith distances of the siiii. 

[Gmm-rnlories per minute per square cenliiueter of uornlirl surfnre.] 

station. 

Santa Fe N. Mex _....... 
Madison.'wis. . . . . . . . -. . . 
Mount Weather Va.. . . . . 
Washington, D.'C.. .... . . 

Sun's zenith distance. 

.4ir mass. 

zenith distance a t  Santa Fe exceeds 59"; at Washington 
and Mount Weather it esceeds 63"; and at  Madison 66'. 
This espluins the rclat.ively hiuh radiation intensities at 
solar zeni1.h dist,ance 66.5" for $ladison, GO" for Wmhing- 
ton, and 45.3" for Santa Fe. Radiation measurements at 
lesser zenith distances are obt,ained a t  these stations 
during the warm part of the year only, when the earth is 
a t  its niasinium solar distance, and the sky contains inore 
dust and moisture than in winter. In the same way, the 
fact .that for zenith dist.ancc.s of t.he sun exceeding 60' 
higher radiation intensities have been measured a t  Madi- 
son than a t  Santa Fe, is to be attributccl in part to the 
esceedirigly small amount of dust and moisture in the 
atmosphere at  Madison in winter during the passage of 
areas of high pressure and low temperature, when the 
round is covered wibh snow. Many more measuremenb 

fave been made at  Madison than a t  Saut.a Fe, however. 
In general the escess of the masinZuni radiation intensi- 

t-ics measured nt. Santa Fe as comparcd with the m&xima 
at lou4evel stations is niuch less than the excess shown by 
a coniparison of menn intcnsi tied. 
On some of the clearest dags the radiation intensities 

for zenithal sun (air inass = 1 j reduced to mean solar dis- 
tance, have been computed by plottin several series of 
obseivations as shown in figure 1, an-  lf extra olatiiig to 
air mass 1.  The result.s are given in Table 4. $he winter 
intensities for Santn Fe and Madison are in close agree- 
ment. They fall between values computed by Abbots for 
Mount Wilson and hlount Wiitney, Cal. The vdue com- 
puted for Washiugton on Decelul>er 26, 1914, equals 
Abbot's higlicst value computed from Mount Wdson 
observat,iuiis. Those for Mount Weather, which are 
c,oniputcd from observations obtained in the warin part 
of t,lie ycar, and one fur Smit.a Fe for September 8, 1910, 
fidl considerably bh\V the nbo\Te. 

TABLE 4.--6ohr mdintio)i i)rlc)isilic.s ]or cewithal sun (nL=l), and ap 

[i:ram-ta:ories per iniuute p r  sriuarr ccntiriieter of norrnsl surface.] 

proximate ~wlues  of the Rolar cotistolit. 

in .  In. 
7. on 
1. SJ 
1 . w  
!.:!A 
1. 16 
2. 11!1 
s. 1\11 
5. nn 

-_ 

- 
ao!W 

O n S t s n t .  

- 
Gr.-mZ. 

2.05 
1. E3 
1.99 
1.9i ' 

1.94 
1.C 
2. M 
1. w 
- 

In figure 1 it  lins not been practicable to plot the in&- 
viduitl readings of each series of observations exce t 
when the sun was near the horizon. This is especialy P 
t'lie case near mid-dny, when the air mass (approsiiiiately 
the secant of t.he sun's zoiiith distance) is chan ing slowly. 

the niem of from two tao eight readings. The nearer to 
noon t.he readinw were made the greater the number that 
have been coiiihied into a mean. It is seen that the 
observations for a given place and day plot very near1 

Extending these lines to zero air muss, we obtain the 
values given in colunin 5 of Table 4. With the excep 
tion of those for Mount Weather, t,liese values (m=O) 
range between 1 .S5 and 1 .S9. Following the Smithsonian 

Hence the plotted points in figure 1 general f y represent 

in a straight line, or in a line slightly concave upwar d: , 
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“ Abrid ed procedure for dctennining npprosimntely the 

columns 3 and 5, Table 4, the s i h r  constant rdues given 
in colunin 6. These averawe a lit, tle higher than the niean 
value given by Abbot an8 0the1-s.~ We hnve no assur- 
ance, however, that this abridged procedure is npplicnhla 
to observations obtained a t  stations whose c1inint.k fnc- 
tors differ from those for Mount Wilson, Cd. Fartlier- 
more, the high value obtained from the Snntn Fe obser- 
vations of September 8, 1910, niny be attrihut~ahle to the 
fact that on that day the vapor pressure increclsed more 
tliaii 50 per cent between 6 ti. ni. and 6 p. ni. 

value o f the solar co~istant.”~ we obtain from the dtit,a of 
zenith distance 60°, they average about 15 per cent higher 
throughout the ye,w than the niontlily means for Wash- 
ingt.on, D. C.? and in summer are about the same per cent 
higher than the corresponding inon t,ld means for Madi- 

ence between the radiation intensities at Santa Fe and 
Maclisoii for like zenith distances of the sun. 

Liliewise, the monthly niasimum radiation intensities 
measured at Santa Fe esceed those a t  low-level stations, 
with the exception of the maxima measured a t  Madison in 
the lntewintcr nud the early s ring. The escess is less than 

son, Wis. In winter and early spring t K ere is little differ- 

half what it is in tho case o F the mean values, however. 

FIGURE 1-Radiation Intensities reduced to mean solar distance. 

SUMMARY. Radiation intensities for zenithd sun with the earth a t  
its mean solar distance-computed from some of the best 
series of observations that have been obtained at  the dif- 
ferent statiolis--give for Santa a racliation int,ensity of 

of norlnd 
sudace, fClr anti for Washin ton 

A value of 1.55 calories wBs obtnille~ at 

Values of the solar constant conipu tecl from thesc sn.me 
observations by the Smithsoninn ’ abridged procedure,’’ 

Measuronients of solar rticlintion intensity at Smba Fe, 
N. Mes., show higlier monthly means, ancl iiiuch snitdlev 
dopmtures froni the means, than do measurements ob- 
tnined itt stations nearer sea level. With the sun a.t 

2:115. 

1915. 

c,alories per minute per srlunre 

calories. 
4 Annals, Astrophysical Observatory of the PmitirsJnian In-titfit i o o . ~ : ~ . ; ! i i i i ~ ~ t o ~ i .  I>:,~:R, 

b Nervei-ide:se or the in.tensitx- orqolnr radiation out. ide t!;e 3tUIWI::lCiF. lVachin;ton, 

%Ioun \venther in July. 

(Smirhsonian UISU. co!l. 65;:;~. 4). paie 3. 
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1!1 ............. 
21 ............. 
22 ............. 
2i ............. 
26 ............. 
29 ............. 
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3.35 
1.42 
1.42 
1.4% 
1.42 1 1.39 

SEPTEMBER, 1915 

...... 
n . x  

......I 
0.34 

0.78 

averaged 1.97 calories, or slightly higher than the mean 
value given by Abbot. 

The relative1 high radiation intensities ob tnined in the 
late winter an B early spring a t  Madison, Wis., only 397 
meters above sea level, are attributed to the locd freedom 
of the atmosphere from moisture and dust during the 
passage of winter areas of high pressure and low temper- 
ature, when the ground is covered with snow. 

The radiation intensities niessured at Santn Fe during 
the latter part of 1912 and tlie early part of 1913 were 
below the average of following years by about the smie 
amount as has been noted at  many other stations in the 
northern hemisphere. The cause of this depression has 
been attributed to the presence of dust in the atmosphere 
derived from the violent eruption of I<atniai Volcano in 
Alaska in June, 1912. 

TABLE 5.-8olar radiation ititciuitics at Santa Fr, N .  &-x. 

[Grameslorios per minute pcr square centimeter 01 normal surlwo.] 

......I ..... ......I ..... ........... ................. ........... ................. 

........... 

TABLE 5.-Solar radiation intensities at Santa Fe, N .  Mex.-Continued. 

P.m.means 

191P: 
Nov. E ............. 

18 ............. 
14 ............. 
22. 
?ti.. 

Nov. 2J..  

Nov. 12 ............. 
1Y ............. 
20 ............. 
2s.. 

1913: 

1914: 

...... 11.41 

1.39 
1.51 
1.44 

................ 

.......... .I.. ... 
1.62 
1.61 
1.G 

................. 

................ 

1.43 
1.44 
1.39 
1.42 
1.40 
1.41 

1.32 I 1.22 
......I ..... .____. __.._ 
1.33 1.25 
1.35 1.29 
1.32 1.23 

...... 
1.36 

1.45 
1.46 

1.u 

1.131 ..... 
1.25 1.22 

1.37 1.20 

1.80 1.84 

................. 
......I ..... 

1 . m  
n94 

1.Y 
0.91 
1.07 
1.09 

1.04 - 

......................................... 
1.05 1.01 0.96 0.92 ........... 
0 . a  0.i3 ....................... 
1.0; 0.9i  ....................... 
o. , i  ............................. 
0.99 ............................. 
1.00 0.91 0.87 ................. 

......................................... 

......................................... ......................................... 

......................................... ......................................... ......................................... ........................................ ........................................ ........................................ 

......................................... ......................................... ......................................... ......................................... ............................. ......I ..... 
0.96 0.W ( O . S s i ( O . 9 8 )  ........... 

- 

...... ..... 

..___. ...... ...... ...... 

...... ...... ...... 

...... ...... 

1.21 ........... 
1.32 1.31 1.23 ............ 1.0; 0.99 
1.48 1.30 1.1i 
1.36 1.33 1.19 
1.3; ........... 
1.38 ........... 
1.45 ........... 
1.45 ........... 
1 . 4 i  ........... ............ 1.43 ..... 
1.49 ........... 
1.48 ........... 

- 
4.5 
- 
Or.- 
cal. 

0. ii 
n. zi3 
.... 
0. i s  
0.89 ..... ..... ..... 
0.88 
- 

5.0 1 5.5 I 8.0 

-1-1-1-1- 
Gr.- Or.- GI.- 
Cdl.  I CUl. I cal. 

P. Y.--OCTOBER. 

1.23 11.13 1 0 1  0 05 0 FS 
1.30 j 1.19 1 1 : l O  11:W 10.91 

0. i 4  ..... ..... 
............................ 
1.1$ 1.11 0.99 0.w 0.so 
1 . x  1 / 1 1  1.1s 1.11 1.no. 0.94 ............................ ............................ ............................ 
1.24 I i I I  1.16 1.00 0.95 0.88 

Bun's zenith diskinre. 
A. Y.-NOVEMBER. 

1.22 ..'....I ...... 
1.31 .................. ..... 
1. %3 
1.4; 
1.28 

1.41 .................. 
1.53 1.43 1.35 ..... 

.................. ..... 

..... ..... ..... ............ 

Dnte. 
Air mss .  

- 

A. H.-SEPTEMBER. A. m. means ...... I 1.54 l- 1910: . Pept. 9 ...... 
10. ..... 
11. ..... 
13.. .... 
17.. .... 
1s. ..... 
19. ..... ao...... 

Bepb. 1 ...... 
10 ...... 
13.. .... 
21. ..... 
29.. .... 

A.m. mean! 

101s 

f910: 
Sept. 8 ...... 

1%. ..... 
E...... 

P.m. mean! 

1.10 
1.13 
1.12 

1.05 0.9s 0.s O.b9 0.v I 0.s2 
1.12 l.OF,11.001 ...... I......... .. 

11.11 1 ............. 1 ...... 1 ...... 1 ..... ................. I ....................... 

1.54 
1.49 
1.56 
1.55 
1.52 

1.49 
1.52 

1.4s 
1.52 

1.55 

1.68 

.._. 

..... 

..... 

19:J' 
Uec. 11 1.39 ............I... ...I...... I.......... ............ ................... 

12.. ................. 1. 
14 ................... 1.53 ........................ 
1 Y  ....... ......I . 1.46 1.29 ...... 1::: ... ::: ...'___.__ ::::::: .......... 

1.42 ............ ! ................................... 

........... _!. ....................... .I.. ... .i: .... 

Dee. 9 ................... 1.51 ............ ' .................................... 
Dec. 14 ............. 1 ...... 1.55 1.44 ......I ...... 

.......... 
!53 ............. 1.::::. 

31 ................... 1.49 1.30 ......I I:::::: 
2; .. . . . . . . . . . . . I  : ..... 1.4; .......................... ................. 

............ ................. 
1916 

10 ................... 1.50 ' ....................... 
13 ................... 1.51 ......I...... ................. 
!El ................... 1.51 ............ 1 . b  1.2211.16 ................. 

l _._._.I ............................ 
1.44 ............. 1: _..__I ............ I ........... 

191g ....................... 
15 ................... I . 5 i  1.50 ...... 
30 ............. I ...... 11.56 

............ ........... 

..... 

P. Y.--..EPTBUBER. 

...... ...... 

A. M.-OCTOBER. 

-4. m. me:ins ...... 

A. Y . 4 A N U A R T .  
1NA: 
Jan. 9 ................... 1.46 

25 ............. 1.57 1 . 0  
2 i  ............. 1.40 1.3s 
2s ............. 1.45 1.30 
31 ............. 1.46 1.38 

J.m. 20 ................... 1.4s 
30 ............. 1.69 1.49 

Jan. S ................... 

1.014: 

181.5: 

2i.. ................ .l-i..ik 

....................... 
1.12 
1.11 ..... ................... 
..... .... ...... :::: ................. ....................... 
..... 1.39 ...... 1.26 ....................... 

....... (1.88) ........................ 

l#l f  
Oct. 17 ...... 

18.. .... 
19. ..... 
a...... 
24. ..... 
%...... 
26...... 
B...... as...... 

Oct. 7 ...... 
a...... m...... 

21.. .... s...... 
N...... 

Oct. 15 ...... 
16.. ... 
17. .... 
27.. ... 
Za..... 

A.m. mean 

a i  ...... 

1916 

191g 

...... 1 37 1 25 ..... ......I 1:45 1 1133 I 1.16 ...... 1.34 1.23 1.05 

A.m.means ...... 

A. Y.-FEBRUARY. 
1.11% 

1914: 

E'eh.4 .............. 1.55 1.45 

Feh. 13 ............. 1.53 ..... 
14 ........................ 
20 ................... 1.35 

Fnh. 15 ............. 1.53 1.46 
lBl5: 

1.36 

1.?4 1.13 

............ 

...... 1.54 1.47 1.41 ...... l.M 1.46 1.3s ...... 1.51 1.4s ..... ...... 1.54 1.4; 1.m ...... I i l  1.50 1.4; 1.43 

...... 11.44 11.36 11.84 
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1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 
---___________--- 
Or.- Or.- Or.- Or.- Or.- (31.- 67.- (3r.- 
cal .  cat. cal. rat. rat. co~. I cat. CUI. 

TABLE 5.--Solar radiation intensities at Santa Fe, N.  Mcx.-Continued. 

5.0 5.5 8.0 

Or.- Gr.- Or.- 
cat. cat. cat. 

TABLE 5.-Solar radiation intensities at Santn Fe, N. Mer.-Continued. 

2.0 2.5 3.0 3.5 4.0 1.5 
---____---- 

Gr.- 07 . -  Gr.- Gr.- Gr.- GI.- 
ral. c d .  ral. c d .  ral. ral. 

5.0 5.5 ij.0 - 
Gr.- Or.- Gr.- 
cql. r d .  cal .  

1.0 
-- 
Or.- 
cnl. 

1.5 

Or.. 
cal. 

1.31 l . l S !  ........................................ 
1.06 ...... I .................................... 
1.17 ...... ! ......................................... 

1.33 1.261 .......................................... 
1.88 (1.88) 

............ ............................. 1; 

I 

I 

.............................. 

1. :... 
i..... ...... 
I 
I.... ...... . 

...... 1.33 .................. 1 .............................. 

...... 1.39 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

...... 1.4s ................................................. ...... 1.411 ................................................ 

...... ............ ................................... 1.41 I . !  I . 

...... 1.55 1.46 .-.... ...... 1.54 1.43 1.36 ...... ................................... 

...... 1.57 1.45 1.38 ...... ................................... 
1.50 1.50 ............ 1 ......................................... 

(1.68) 1.46 1.45 (1.3611 ..____ _._.__ I...... ....................... 
I 1  

1 ..... 
1::::: ..... 

................. 

1.07 ................................... ......................................... ......................................... 
1.08 ................................... 
......................................... ......................................... 
1.11 ................................... 
1.11 1.01 
1 . B  1.17 

......................................... 

1.18 (1.10) 
I 

............................. ............................. 

............................. 

1.40 
1.46 

._._.. 
1.43 
1.49 

._._.. 
1.10 1.21 1.11 
1.36 1.27 1.20 
1.35 1.26 1.19 
1.31 1.27 1.20 
1.31 _____. 1.19 
1.42 1.35 1.29 

..... 1.21 1.13 1.04 .................................................... 

.................................................... .................................................... ..... 1.13 1.01 ................................... 

..... 1.33 1.21 ................................... 
1.37 1.28 .............................. 
.................................................... 

.................................................... .................................................... 
1.31 1.93 ......................................... 
..... 1.13 ......................................... 
1.27 1.18 1.10 ................................... 
..... 1.2Y 1.23 ................................... 
1.32 1.U l . l I ( 1 . 0 4 )  

............................. 

1 ........... 

............................. 

1.56 _._.__ 
1.45 

1 1.68 

........... 

........... , 

1.49 
1.36 

1.36 

1.89 

.................................................... .................................................... 
1.25 1.16 1.07 ................................... 
1.18 1.10 ......................................... 
1.34 1.23 1.13 ................................... 
1.18 ............................................... 
1.34 1.26 ......................................... 
1. '3" ............................................... ..... 1.?3 ......................................... 
1.27 1.22 ......................................... 
1.37 ............................................... 
1.32 1.26 ......................................... 
1.27 1.81 (1.10) ................................... 

31 ....... 
May 7 ....... 

1R ....... 
26 ....... 
28 ....... 

Msy 22 ....... 
28.. 

A.m.mesns. 

1914: 

1915: 

1.47 

1.53 
1.46 
1.53 
1.49 

1.50 

1.60 

.......... 

9.. 
1s ....... 
21.. 
2 i  ....... 

1916: 
June R ............. 

11 ....... 
17 ....... 

A.m.means. 

7.. 

........... 
1.43 

1.50 
.......... , 

........... 
1 . a  
1.50 

1 . m  - 

Sun's zenith distnoce. 

0.0' 4P.3- GO.Oo 6D.5O 70.7' 73.1'' 75.7' 77.4- 78.3' ;9.Y S0.7' 

Air miss. 
I I I I I I I In-: D:ite. Dnb. 

101s: 
July l . . . . . .  

7. ..... 
11. ..... 
12 ...... 

1015: 
July 31 ...... 

1NJ: 
Afar. 10 _.__.. 

lh  ...... 
le . . . .  .. 
2s.. .... 
31.. .... 

afar. I? __._.. 
13.. .... 
1.1.. .... 

Mar. 24 __.__. 

1.914: 

lM5: 

1.47 
1.43 
1.45 
1.45 

....., 
1.45 

1.36 
1.25 
1.31 

1.40 

1.33 

..... 

A.m. mmm 

191 s: 
bug. 10 ...... 

13..... . w...... 
27.. .... 

AIG. 7 __.__. 
14 ____. . 
21. ..... 
2.;. ..... 
2.:. ..... 
27.. .... 

A.m.mean! 

1914: 

...... 1 .......... 1.17 

............ 1.22 1.14 __.__ 1 _ _ _ _ _  ____.. 11.13 

...... !:: .......... 1 . w  A. in. means 

191s: 
Apr. 14 _._._. 

16.. .... 
18.. .... 
28.. .... 
311.. .... 

Apr. 13 _____.  
18.. .... 
25.. .... 

Apr. 9 ...... 
11.. .... 
20. ..... 
24.. .... 
27.. .... 
29 ...... 

A.m. mean 

1914: 

1915: 

1.47 
1.50 

1.50 
1.47 

..... 
...... ...... 
1.118 
...... 
...... 

...... 1.50 
1.55 1.47 
1.59 1.4s I 1.44 1 35 1 86 1.17 1 .  I .  I 

TABLE B.-NonthZy nleans of solar radiation intensity at Santa Fa, 
N.  Nex. 

[Gram-cslories per minute per squrve centimeter of normal silrfaee.1 

Sun's zenith distance. 

AIr mass. 

.... .... 
1.38 

1.45 
1.31 

1.44 
1.35 

1.33 

1.44 
1.3s 

1.38 

.... 

.... 

- 

.... 
1.13 
1.42 

1.32 

1.42 

..-. 

.... 

.... 
1.3% 
1.41 
1.44 

1.40 
- 

Month. 

1.0 I 1.5 2.0 I 2.5 I 3.0 I 3.5 1 4.0 I 4.5 I 5.0 I 5.5 I 6.0 
- 
Or.- 
cal. 
1.42 
1.42 
1.15 
1.32 
1.27 
1.33 
1. n 
1. % 
1.30 
1.35 
1.41 
1.45 

-I- 
A. Y. 

Janunrv ....... 
Februig ...... 
March.. ....... 
June.. .......... 
Julv.. ......... 
Auktist.. ...... 
Sqternber. .... 
October.. ...... 
Soremher.. ... 
December.. .... 

A&!. ......... .......... 

P. H. 

June 90 ....... l- 1.54 
1915: 

1.21 1.10) 
l.7.R h.16, A. M.-JUNE. 

k,'.. bm?- .a .! 

1.33 1.25 ..... 1.21 
1.32 1.23 

1.37 1.82 
1.35 1.2s 

....................... 

1914: 
June 3 ....... 1.51 

5 ....... 1.52 .._.-I ..... 

Reptember ..... 
Octnhrr ........ :1.57) 1.43 ...... 1.41 

...... 1 _._.__I ...... ...... ..... 


